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Indian Standard 

SPECIFICATION FOR 
DIRECT READING POINTER INDICATOR 

TYPE AC/DC ELECTRONIC VOLTMETER 

PART I METHODS OF MEASUREMENTS 
0. FOREWORD 

0.1 This Indian Standard ( Part I ) was adopted by the Indian Standards 
Institution on 7 December 1972, after the draft finalized by the Electronic 
Equipment Sectional Committee had been approved by the Electrotechni- 
cal Division Council. 

0.2 This standard ( Part I ) covers methods of measurements of character- 
istics of electronic voltmeters of direct reading pointer indicator type 
operating up to 300 MHz and intended for voltage measurement normally 
greater than one volt. 

0.2.1 This standard applies to complete apparatus only and not to the 
component parts thereof. 

0.2.2 This standard does not cover digital type electronic voltmeter. 

0.3 This standard is one of a series of Indian Standards on electronic 
measuring equipment. Other standards published so far in the series are 
given on the fourth cover page. 

0.4 This standard lays down a single method of measurement for each 
characteristic so as to achieve the required degree of precision. It is not, 
however, intended to exclude ather alternative methods of measurement 
for which necessary measuring equipment may be available and which are 
of equal or greater precision than the method prescribed in this standard. 

0.5 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, express- 
ing the result of a test, shall be rounded off in accordance with IS : 2-1960*. 
The number of significant places retained in the rounded off value should 
be the same as that of the specified value in this standard. 



*RuIes for rounding off numerical values (revised). 
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1. SCOPE 

1.1 This standard ( Part I ) prescribes the conditions and detailed proce- 
dures for the measurement of performance characteristics of direct reading 
pointer indicator type ac/dc electronic voltmeter operating up to 300 
MHz. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the definitions and explanations of 
terms specified in 2 of IS : 3437-1972* shall apply. 

3. GENERAL CONDITIONS FOR MEASUREMENTS 

3.0 Unless otherwise specified, measurements shall be made under normal 
measuring conditions as specified in 3.1 to 3.6. 

3.1 Normal Supply Voltage — Rated supply voltage shall be applied to 
the electronic voltmeter. 

3.1.1 The voltage applied to the electronic voltmeter shall be held 
Constant within I'D percent of the rated value during the measurement of 
the characteristics. 

3.1.2 In case of ac mains operation, the voltage shall be applied at the 
rated frequency. The harmonic content of ac mains supply voltage shall 
not exceed 5*0 percent. 

3.1.3 In case of battery operation, primary or secondary batteries of 
the type and rated voltage as specified by the manufacturer shall be used. 

3.2 Standard Atmospheric Conditions for Tests 

3.2.1 Unless otherwise specified, all tests shall be carried out under the 
following atmospheric conditions: 

Temperature 15 to 35°C 

Relative humidity 45 to 75 percent 

Atmospheric pressure 860 to 1 060 mbar 

3.2.1.1 Where the conditions mentioned in 3.2.1 have a significant 
influence, these shall be kept substantially constant during the tests. 

3.2.2 For specific tests which are considered dependent on atmospheric 
conditions the tests shall be conducted, and in case of doubt, the tests 
shall be repeated, at temperature of 27 ± 1°C and relative humidity of 
65 ± 2 percent (see IS : 196-1966t). 

♦General requirements for direct reading pointer indicator type electronic voltmeter 
(first revision). 

tAtmospheric conditions for testing ( revised). 
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3.2*3 The electronic voltmeter shall be protected from draughts and 
direct radiations. 

3.3 Measurements 

3.3.1 All measurements shall be made under the conditions mentioned 
in each clause. 

3.3.2 Preliminary Adjustment — The index of the voltmeter having a 
mechanical zero shall be set to the appropriate mark on its scale. The 
supply voltage shall then be applied for a time equal to the warm-up 
time as specified by the manufacturer. In the absence of such informa- 
tion, this voltage shall be applied for a period of 15 minutes. The 
electrical zero shall then be adjusted. All the other preliminary adjust- 
ments specified by the manufacturer shall be carried out. In making 
measurements, the mechanical zero shall not be altered, but the electrical 
zero should be re-adjusted before each measurement, if necessary. 

3.3.3 Unless otherwise specified in the relevant clauses, all measure- 
ments shall be carried out within the measuring range. 

3.4 Accuracy of Test Set-up — The test set-up employed to carry out 
measurements in accordance with this standard shall have an accuracy 
of at least one order better than that specified for the quantity under 
measurement. 

3.5 Reporting — The test report should clearly indicate the following: 

a) Rated supply voltage and frequency in the case of ac, 

b) Atmospheric conditions under which tests are carried out, and 

c) Accuracy of test set-up. 

4. ACCURACY 

4.1 Accuracy of DC Voltage Range 

4.1.1 The accuracy of different dc voltage ranges of the instrument 
shall be measured at least at three points, say, at 10 percent, 50 percent 
and 100 percent of the effective range on each voltage range. 

4.1.2 After the preliminary adjustments, a dc voltage from a regulated 
dc voltage supply unit shall be fed to the electronic voltmeter as shown in 
Fig. 1. The regulated dc supply unit shall be adjusted so that the desired 
deflection ( see 4.1.1 ) in a particular range is obtained on the voltmeter* 
The corresponding values on the dc voltmeter shall be read, 
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Fig. 1 Set-up for Calibration of DC Voltage Ranges 



4.1*3 From these measurements, the accuracy of the electronic volt- 
meter under test for each dc range shall be computed. 

4.2 Accuracy of AG Voltage Range 

4.2.1 The accuracy of the different ac voltage ranges of the instrument 
shall be measured at least at three points, say, 10 percent, 50 percent and 
100 percent of the effective range on each voltage range at 50 Hz. 

4.2*2 After the preliminary adjustments, a sinusoidal voltage at the 
supply of frequency of 50 Hz and having distortion less than 1*0 percent 
shall be applied to the electronic voltmeter under test as shown in Fig. 2. 
The variable voltage transformer shall be adjusted so that the desired 
deflection (see 4.2.1) is obtained on the voltmeter. The corresponding 
value on the ac voltmeter shall be read. 
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AC VARIABLE 

VOLTAGE 
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FiGt 2 Set-up for Calibration of AG Voltage Ranges 
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4.2.3 From these measurements, the accuracy of the instrument shall 
be computed for each range. 

5. DEVIATIONS OF ELECTRICAL ZERO 

5.1 Fluctuation — For each of the ranges, the fluctuations ( random and 
spurious deviations ) of the electrical zero shall be observed during any 
one minute period over a specified interval which shall be at least one 
hour with no input voltage applied after the preliminary adjustments. 
Maximum value of such deviations (fluctuation) shall be noted. 

5.2 Drift — After the preliminary adjustments, the voltmeter shall be 
left in operation and the deviation from zero shall be observed during the 
time interval specified by the manufacturer. This should be at least one 
hour. The maximum value of this deviation ( drift ) shall be noted for 
each range. 

5.3 Influence of Applied Input Voltage — After the preliminary adjust- 
ments, the electrical zero shall be adjusted on the highest range, that is, 
the least sensitive range. The voltage corresponding to this range shall be 
applied between the input terminals. After one hour, the input voltage 
shall be disconnected and the deviation of the electrical zero shall be 
noted. 

5.4 Influence of Change of Range — After a change of range, the 
deviation of the electrical zero shall be recorded. These measurements 
shall be made in passing from each range to all the others having the same 
accuracy. 

5.5 Influence of Supply Voltage Change 

5.5.1 With no input voltage applied, the voltmeter shall be energized 
for a time ( after the initial warm-up period ) sufficient to ensure that the 
drift of electrical zero with time is negligible compared with deviation 
consequent upon the change of supply voltage. The electrical zero shall 
then be adjusted to the appropriate mark of the scale. 

5.5.2 A sudden and sustained change of 5 percent ( positive or negative) 
shall be made in the supply voltage. During a period of one minute 
immediately following this change, the maximum deviation of the electrical 
zero shall be noted. The test shall be continued with a second sudden and 
sustained change of 5 percent ( super-imposed on the' first one and in the 
same direction ). 

5.5.3 At the end of a total period of 15 minutes or the warm-up time if 
longer, the final deviation of the electrical zero shall be determined. 
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5.5.4 The deviation of electrical zero shall be expressed as a percentage 
of the scale length. 

5.5*5 The measurement shall be carried out both for positive voltage 
change and for negative voltage change. 

5.6 Influence of Ambient Temperature Change 

5.6.1 The influence of ambient temperature on the indications of the 
voltmeter shall be determined from measurements made at intervals of 
10 Jb 1°C within the nominal range. When no nominal range of use con- 
cerning the ambient temperature is indicated by the manufacturer, this 
range shall be between two limits respectively equal to 10°G above and 
10°C below the reference temperature. 

5.6.2 After the preliminary adjustments, the voltmeter shall be kept in 
operation under reference conditions., The temperature shall be varied in 
steps of 10°C and deviation of electrical zero shall be measured at each 
step after thermal equilibrium is reached at that temperature. From these 
measurements, the total deviation of electrical zero over the specified 
temperature range shall be computed. 

6. VARIATION IN INDICATION 

6.1 Influence of Position — The influence of the position shall be 
determined for one of the ratings only. After the preliminary adjustments, 
a voltage corresponding to a steady deflection equal to 70 percent of the 
effective range shall be applied between the input terminals. With the 
voltmeter in reference conditions and also with the voltmeter inclined to 
its reference position by an angle of ±5 degrees in two perpendicular 
planes successively, the reading of the index shall be noted. When several 
reference positions are indicated, the voltmeter shall be tested in each of 
these positions. When no reference position is indicated, measurements 
shall be made with the voltmeter in the normal operating position and also 
in a position perpendicular to this operating position. 

6.1.1 From these measurements the variation in indication shall be 
computed. 

6.2 Influence of Ambient Temperature Change 

6.2.1 The influence of ambient temperature on the indications of the 
voltmeter shall be determined from measurements made at intervals of 
10 ± 1°C within the nominal range. When no nominal range of use con- 
cerning the ambient temperature is indicated by the manufacturer, this 
range shall be between two limits respectively equal to 10°C above and 
10°C below the reference temperature. 

8 
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6.2.2 After the preliminary adjustments, a voltage corresponding to a 
steady deflection equal to 70 percent of the effective range shall be applied 
between the input terminals, the voltmeter being under reference 
conditions. The temperature shall be varied in steps of 10°C and the 
variation in indication shall be measured at each step after thermal 
equilibrium is reached at that temperature. From these measurements, 
the total deviation over the specified temperature range shall be computed. 

6*3 Influence of Supply Voltage Change 

6.3.1 With no applied measuring voltage, the voltmeter shall be ener- 
gized for a time after warm-up period sufficient to ensure that the drift of 
electrical zero is negligible compared with the displacements of the electri- 
cal zero consequent upon the change of supply voltage. The electrical zero 
shall then be adjusted to the appropriate mark of the scale. A voltage 
equal to 90 percent of upper limit of the effective range shall then be 
applied between the input terminals the reading being noted; following 
which a sudden and sustained change of 5 percent ( positive or negative ) 
is made in the supply voltage. During a period of one minute immediately 
following this change, without electrical zero adjustment, the maximum 
value of variation in indication shall be noted. 

6.3.2 The applied input voltage shall then be removed and the test 
continued with a second step of 5 percent sudden and sustained change 
in the supply voltage super-imposed on the first one in the same direction, 
for a further period to bring the total time of both variations to 15 minutes 
or warm-up time if longer. 

6.3.3 The electrical zero shall then be re-adjusted; if necessary, the 
recalibration procedure (if any) carried out; the input voltage re-applied; 
and the final variation in indication determined. 

6.3.4 The limits of permissible variation in indication shall be express- 
ed as percentage of the scale length. 

6.3.5 The measurement shall be carried out both for positive voltage 
change and for negative voltage change. 

6.3.6 The measurements shall be carried out on each range. 
6*4 Influence of Super-Imposed Input Voltage 

6.4.1 For Voltmeters Sensitive to Alternating Voltage Ranges — After preliminary 
adjustments, a voltage corresponding to a steady deflection equal to 
70 percent of the effective range shall be applied between the input 
terminals. A direct voltage which is 1 000 times the rating of the range 
under test, this value being limited to the specified insulation voltage, shall 
be applied across the input terminals of the voltmeter. Deviation of the 
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index after removal of the voltage shall be noted, from which the deviation 
of index due to super-imposed dc voltage shall be computed. This test 
shall be carried out on each range of the voltmeter. 

Note — A voltmeter containing a transformer or a semiconductor device connect- 
ed to its input terminals shall not be tested with^uper-imposed dc voltages. 

6*4.2 For Voltmeters Sensitive to Direct Voltage Ranges — After preliminary 
adjustments, a dc voltage equal to 70 percent of the effective range shall 
be applied between the input terminals. An alternating voltage of supply 
frequency, the peak value of which is 1*2 times the rating of the range 
under test, this value being limited to the nominal insulation voltage, shall 
be applied to the input terminals of the voltmeter. The deviation of the 
index to the super-imposed voltage shall be noted. This test shall be 
carried out on all the ranges of the voltmeter. The electrical zero should 
be adjusted for each measurement. 

6*5 Fluctuations — After the preliminary adjustments, a voltage corres- 
ponding to a steady deflection equal to 70 percent of the effective range 
shall be applied between the input terminals. The fluctuations of the 
index ( pointer ) (the random and spurious deviations) shall be observed 
during one minute period over a specified interval. This shall be at least 
15 minutes for ranges of 1 V or less, or one hour for other ranges. The 
maximum fluctuation occurring over a one minute period shall be noted. 

6.5.1 The fluctuations shall be measured for each range. 

6.6 Drift — After initial warm-up period and preliminary adjustments, a 
voltage corresponding to a steady deflection equal to 70 percent of the 
effective range shall be applied between the input terminals. The maxi- 
mum deviation of the index (pointer) from the nominal value shall be 
observed during the time interval specified by the manufacturer. This 
shall be at least 15 minutes for ranges of 1 V or less or one hour for other 
ranges. Maximum value of the drift shall be noted. 

6.6.1 The drift shall be measured for each range. 
7. INPUT IMPEDANCE 

7.1 DC Input Resistance — The dc input resistance shall be measured 
on all ranges using a megohmeter with the instrument switched on. 

Note — The voltage applied across the input terminals of the voltmeter under 
test in this measurement shall be such as not cause a deflection greater than full scale 
deflection. 

7*2 AC Input Impedance — The input impedance shall be measured at 
least at 100 kHz, 1 MHz and 5 MHz with the instrument switched, on. 

10 
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The input impedance shall be expressed in terms of its equivalent parallel 
resistive and reactive components. The measurement may be made with 
a Q-meter. 

7.2.1 The Q,-meter shall be tuned for resonance at a chosen frequency 
( see 7.2 ) with a suitable inductor and the magnification factor ( Q& ) and 
capacitance ( C t ) shall be noted. The input terminals of the electronic 
voltmeter shall be connected to the capacitance terminals of the Q,-meter 
which is retuned for resonance at the chosen frequency. The magnification 
factor ( Q,2 ) and capacitance ( C % ) shall be noted. The input capacitance 
and resistance of the electronic voltmeter are given by: 

a) Input capacitance = Ci — C 2 

b) Input resistance = -= — * A / r\ — rr~\ 

2tzJ C x (ill- ilz) 

where /is the resonance frequency. 
Note — Correction for self-capacitance for inductance shall be applied. 

8. FREQUENCY CHARACTERISTICS 

8.1 Frequency Response — The frequency response measurements shall 
be carried out using the set-up given in Fig. 3. The input to the electronic 
vohmeter shall be kept constant for a reasonable deflection, say, 70 percent 
of the full scale deflection. The frequency of the signal generator shall 
be varied over the specified frequency range. The input of the electronic 
voltmeter shall be accurately determined using a true rms voltmeter. The 
response, namely, deflection versus frequency over the specified frequency 
range shall be obtained with respect to value at 1 kHz. 

Note — Suitable precautions shall be taken regarding coupling, matching, etc, for 
measurement at high frequencies. 



SIGNAL 

GENERATOR AF 

OR 

HF OR VHF 



; 



ELECTRONIC 

VOLTMETER 

UNDER TEST 



TRUE rms 
VOLTMETER 
AF,HF,VHF 



Fig. 3 Set-up for Frequency Response Measurement 
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9. DAMPING 

9.1 The damping of a voltmeter is determined by the measurements of 
the overshoot and settling time. After preliminary adjustments, a low 
frequency ac voltage corresponding to a steady deflection equal to 70 per- 
cent of the upper limit of effective range shall then be suddenly applied 
between the input terminals. Under these conditions, the overshoot shall 
not exceed the upper limit of the effective range. The time required for 
the index to attain its final steady position, within 1*5 percent of the upper 
limit of the effective range, shall be measured. 

10. ERRORS DUE TO OVERLOAD 

10.1 Continuous Overload — An input voltage of 1*2 times rating shall 
be applied for two houses at the end of which, after adjusting the electri- 
cal zero, the voltmeter should comply with the requirements of its specified 
accuracy. 

10.2 Overloads of Short Duration — An input voltage of the following 
rating shall be applied 5 times with 15 second intervals, the application 
time for each overload being as short as possible, provided that the deflec- 
tion of index should substantially exceed the upper limit of the effective 
range: 

Up to 10 V 5 times the rating 

Up to 100 V " 3 times the rating 

Up to 300 V 2 times the rating 

Up to 30 kV 1*5 times the rating 

10.2.1 At the end of this test, and after adjusting the electrical zero, 
the voltmeter shall be checked for the requirements of its specified 
accuracy. 

11. INFLUENCE OF EXTERNAL MAGNETIC FIELD 

11.1 The voltmeter shall be placed in the centre of a circular coil of one 
meter mean diameter and of equal length, and of radial thickness small 
compared with the diameter. 

11.1.1 The total current in the test coil shall be so chosen that in the 
absence of the voltmeter under test, a magnetic field is produced, the 
induction of which has a value as specified by the manufacturer or 0'5 of 
a millitesla when not specified by the manufacturer. 

11.1-2 Voltmeters having any maximum external dimension exceeding 
25 cm shall be tested in a coil of mean diameter not less than four times 
the maximum dimension of the voltmeter and the current shall bt so 

12 
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chosen as to obtain in the centre of the coil a magnetic field the induction 






11*1*3 For all voltmeters a test shall be carried out with a magnetic 
field produced b v a direct current* An additional test shall be made with a 
magnetic field produced by an alternating current for the types of volt- 
meters specified below having a frequency given thereon: 

Type of Voltmeter Test Frequency 

Voltmeter with ac supply Frequency of supply voltage 

V lAiklll.l>l,l.l VV1LU KAKs OUL/k/JlV JL Xi.± J IIUVJUVH^V ILS\s l YV \*\*JLt 1U C4X1U 

65 Hz 

Voltmeter measuring alternating Any one frequency within the 

voltages with an upper limit of nominal range of use of the 

frequency lower or equal to frequency of the measured 

1 kHz voltage 

Voltmeter measuring alternating 1 kHz 
voltages with an upper limit of 
frequency higher than 1 kHz 

11.1*4 Under these conditions and under the most unfavourable condi- 
tions of direction of induction, variation in indication shall be measured. 

12* INFLUENCE OF EXTERNAL ELECTRIC FIELD — Under consi- 
deration, 

13. INFLUENCE OF EXTERNAL RF ELECTROMAGNETIC 
FIELD — Under consideration. 
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6769 £ Part I J-J972 Sprriticatfun for dirwt reading pointer indicator typo ac electronic 
inUlir^lriHcter: Part 1 Mctbod* uf jH-GuufcmfiiJa 

6760 [ Pari II )-I&?2 SpedficaLirtp for direct rradinp? pointer inditatqr type ac elecir*^ni* 
milHvoltneter: fart II Willi a frequency range oT'i H? to I Mil/ 

fiH04- 1 972 Cfas-j elect rode* for dij-eet reading /ill ftirtm 
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